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(54) Dental restorative composition 

(57) A dental restorative composition is disclosed, 
comprising: (a) a methacrylate or acrylaia monomer, (b) 
an organic-inorganic composite filler prepared by curing 
a mixture of a particulate filler having a mean particle 
size of , 20 nm or less with a methacrylate or acrylate 
monomer having a viscosity of 60 cP or more and pul- 
verizing the cured mixture, (c) a particulate filler having 
a mean particle size of 20 nrn or less, and (d) a polym- 
erization initiator, > 



and further, if desired, (e) a glass powder having a max- 
imum particle size of 5 u.m or less and having a mean 
particle size of from 0.5 to 2 urn. The dental restorative 
composition according to the invention gives restora- 
tions having surface smoothness and transparency sim- 
ilar to natural teeth, having superior esthetics and supe- 
rior physical properties such as bending strength and 
bending strain energy characteristics, and being provid- 
ed with easy polishing. 
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Description 



[0001] The present invention relates to a dental foetA „,- 

smoothness and transparency simfe to natural ^L h ? 6 COmpOS,,,on ,rom whicn restorations having surface 
* as bending strength and bending s.7ai ZZc^l^Z^Z ^'V? SUperior physica ' ^ such 
be obtained. 9/ Cnarac,er,s " c s. and be.ng prov.ded with easy polishing properties can 

^SSSS: jar^M— - ,^ a combina,ion of a po ™ ,e ~- * 

been made. ' P3rt ca P ac,,ies c, °se to natural teeth, various improvements have 

10 SE? ™^ — '0 - *° Mm were used as the filler of 

surface of the f^m^^r^lo^^^^^^ Wler having a relatively .arge particle size is used, a 
not be obtained in the clinical use * Wrta ° 9 haV ' ng smoothness similar to natural teeth could 

» ,0 < h * «~ 3 « d - improve the surface 

5 to 50 nm was developed Howem Tel fti ZrtZ ? f 9a , n ' C P ° WderS haVinS 3 mean partic,e size of "°m 

large amount of the monome^houw ^^^k^^^T^ has a re,ative ^ specific surfacearea. a 
the fHler accounts for in the comJ^^^^^^ST^-T^^ Acc ^ing.y. the proportion that 
~T-s. - resulting re^ 

p™ c ™ a :s^ — «„. h 3S bee n 

5 to 50 nm and pulverizing the cured mixTure SincJ > l Tltll , 9 ? P ° Wd9r haV,n9 3 mea " partide Sl ' 2e of from 
composite filler compounded therewfthTs supposed It^tZ C ° mpOS,tion havin 9 this organiennorganic 

compounded can be small. AccordS w den SresX^l^^T ^ ^ am ° Unt ° f ,he m ° n ° mer t0 be 
« the polymerization shrinkage and thai the surface f Characteristics ,nat » compensates 
binding between a surface of ™,£ • smoothness of the result.ng restoration is superior. However, the 

ration t™eZZ ZZESZ^gST^ *~ ^ ™* is weak - ™- -to- 

30 composition has clinically superior ^c7!^L t f ^oration obtained by using this dental restorative 
to achieve the polishing s Z Ca S^ » ** ** ^ " ' S difficu " 

• composition the proportion that hT!,.!! „ Sm °° ,h Surtace ' Also ' since in tnis dental restorative 

a hlS^^ J^^^X bendin P 0 °en:: aCC0 H? 'V* fela,,Veiy ^ ,he resultin 9 restorati ^ 
P oin?of view, s'uch as 9 ener9V "* ^ bn " ,e pr ° perties ' ,eadin 9 to prab,e ™ <™ the c.inical 

" ^^°2X^^f ^Z"' 3 v eSCn ' bed d6feCtS ° f the C ° nVentional den,al ^orative 
transparency similar ,c nalT^lTZ com P os ' t,on 'rom which restorations having surtace smoothness and 

strength ^bl^S^^SiSS^^S ^T™ PhySiCa ' Pr ° PertieS S ° Ch 35 b ^ 
[0008] In order to achieve the aboveS^ TS' k , 9 P ^ W ' ,h easy polisnin 9 P r °P e ^ can be obtained. 
" vestigations A a reslT It has eTtod t ^T? T' ^ PreSem inVen, ° rS made 6Xtensive and in,ensive h- 
obieci can be obtainec I bv rSiw^I ' restorative composition which fulfills the above<fescribed 

beTsU" KSK^S^S par,icu,a,e fi,ler as ,he fi,,er to 

of the invention 3 9 ' 3SS powder ' ,f dss,red ' ,eadin 9 to accomplishment 

without comptetely wettfn^ ?° mp ° Si,e filler in which tne matr « monome r is mixed 

so finer prepared by LTymSg StaS^^^T^/? ^ me " ^ ,he ^'-inorganic 

powder fs no, emfre^Jered 1" S •' ^ by PU,VeriZin9 ' the SUrf3Ce °' the inor 9 anic 
= g organic,nor y gan^^^ pa ^ -Posed, whereby the 

sShto^ 

55 position is suoerior in t™ JnJ J . ,h w . , res ; orat,ve co mpos.t.on increases, the resulting dental restorative com- 

obtain a restoration which is less in fracture etc 9 " 9 Str3in Sner9y ' reSU,,,ng *° enab,in9 to 

[0011] Also, since the denta. restorative composition according to this invention contains such organiennorganic 
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composite material, it has a low surface hardness as compared with the conventional dental restorative composition 
comprising a large amount of the glass powders (a mean particle size: 2 urn or lower) filled therein, and therefore, it 
has a characteristic that a smooth surface is readily obtained without using a special polishing material. 
[0012] In addition, we studied the transparency similar to natural teeth, which is an indispensable characteristic to 
s the dental restorative composition. In the resin material, a difference in the refractive index between the particulate 
filler and the cured matrix monomer caused turbidity inherent to the resin. In this case, it has been found that when 
the particle size of the particulate filler to be used is controlled to a certain particle size or less, the turbidity inherent 
to the resin is mitigated, a generally called opalescence can be suppressed. 
[0013] That is, the dental restorative composition of this invention comprises: 

10 

(a) a methacrylate or aery late monomer, - - - h *. 

(b) an organic-inorganic composite filler prepared by curing a mixture of a particulate filler having a mean particle 
size of 20 nm or less with a methacrylate or acrylate monomer having a viscosity of 60 cP or more and pulverizing 
the cured mixture, r.,- ■::-*: << -■ ■ <-;r- * ~- v - - 

is (c) a particulate filler having a mean particle size of 20 nm or less, and ?- u 

(d) a polymerization initiator, 
and further, if desired, 

(e) a glass powder having a maximum particle size of 5 urn or less and having a mean particle size of from 0.5 to 
2 urn. "-• 

20 

[0014] This invention is described below in more detail with respect to each of the constitutional components. 
[0015] The component (a), methacrylate or acrylate monomer, is a component which is used as a matrix monomer 
of the dental restorative composition, and also, a monomer having a specific viscosity is a component as a matrix 
monomer used in order to obtain the component (b), organic-inorganic composite filler. 
25 [0016] The methacrylate or acrylate monomer includes various methacrylates or 2crylates having at least one un- 
saturated double bond. 

[0017] Specifically, examples of monomers having a viscosity of less than 60 cP include methyl methacrylate, ethyl 
methacrylate, isopropyl methacrylate, 2 -hydroxy ethyl methacrylate, 3-hydroxypropyl methacrylate, 2-hydroxy- 
1,3-dimethacryloxypropane, n-butyl methacrylate, isobutyl methacrylate, hydroxypropyl methacrylate, tetrahydrofurfu- 

30 ryl methacrylate, glycidyl methacrylate, 2-methoxyethyl methacrylate, 2-ethylhexyl methacrylate, benzyl methacrylate, 
ethylene glycol dimethacrylate, diethylene glycol dimethacrylate, triethylene glycol dimethacrylate, butylene glycol 
dimethacrylate, neopentyl glycol dimethacrylate, 1,3-butanedioi dimethacrylate, 1,4-butanediol dimethacrylate, 
1,6-hexanediol dimethacrylate, trimethylolpropane trimethacrylate, trimethylolethane trimethacrylate, pentaerythritol 
trimethacrylate, trimethylolmethane trimethacrylate, pentaerythritol tetramethacrylate, and corresponding acrylates 

35 thereto. Examples of monomers having a viscosity of 60 cP or more include 2,2-bis(methacryloxyphenyl)propane, 
2,2-bis[4-(2-hydroxy-3-methacryloxypropoxy)phenyl]propane, 2,2-bis(4-methacryloxy-diethoxyphenyl)propane, 
2,2-bis(4-methacryloxypoIyethoxy-phenyl)propane, di^-methacryloxyethyt^^^-trimethylhexa-methylene dicar- 
bamate, and corresponding acrylates thereto; methacrylates or acrylates having a urethane bond in the molecule 
thereof; and other methacrylates or acrylates having a urethane bond. These methacrylates or acrylates are known 

40 as the dental material and are used singly or in admixture when the occasion demands. 

[0018] A suitable amount of the monomer to be compounded, when it is used as the matrix monomer as the com- 
ponent (a) of the dental restorative composition, is from 1 5 to 40% by weight based on the whole of the dental restorative 
composition. When the amount of the monomer to be compounded is less than 15% by weight, the amount of the 
matrix monomer to be compounded is low, so that the kneading operability tends to be inferior. On the other hand, 

45 when it exceeds 40% by weight, the amount of the filler is small, so that the polymerization shrinkage tends to be large. 
[0019] Also, in case when the monomer is used as the matrix monomer for obtaining the component (b), organic- 
inorganic composite filler, a monomer having a viscosity of 60 cP or more is used singly, or it is used in combination 
with other monomers, thereby adjusting the viscosity at 60 cP or more. In case where a monomer having a viscosity 
of less than 60 cP is used, the amount of the inorganic segment on the surface of the organic -inorganic composite 

50 filler decreases, so that the activity is low. As a result, in case of preparing the dental restorative composition, the 
organic-inorganic composite filler fails in bonding to the matrix monomer as the component (a) and is inferior in physical 
properties. In particular, it is low in bending strain energy to show brittle properties and hence, it is not suitable. On the 
other hand, when the viscosity of the monomer is too high, the mixing with the component (c), particulate filler, tends 
to be difficult Accordingly, it is preferable that the viscosity of the monomer is at 30,000 cP or less. It is suitable that 

55 the matrix monomer used in order to obtain the component (b), organic-inorganic composite filler, is contained in an 
amount of 50 - 90% by weight in the organic-inorganic composite filler. When the amount of this matrix monomer 
exceeds 90% by weight, the amount of the inorganic segment portion on the surface of the organic-inorganic composite 
filler decreases, so that the activity is low. As a result, the organic-inorganic composite filler fails in bonding to the 
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matrix monomer as the component (a) and the dental restorative composition is inferior in physical properties. On the. 
other hand, when it is less than 50% by weight, the mixing with the inorganic segment as the particulate filler tends to 
be difficult. 

[0020] The particulate filler having a mean particle size of 20 nm or less, which is used for the component (b), organic - 
5 inorganic composite filler, in combination with the above-described monomer is a component which is used also as 
the component (c), particulate filler having a mean particle size of 20 nm or less. As this particulate filler, silica such 
as colloidal silica produced by spray heat decomposition of, e.g., a silane compound is usually used. Besides, alumina, 
zinc oxide, zirconia, magnesia, titania, and the like may also be used. In case where a particulate powder having a 
mean particle size of greater than 20 nm is used, the dental restorative composition causes turbidity inherent to the 
w resin to become strong in opalescence, whereby the resulting restoration is inferior in esthetics as compared with 
natural teeth. Accordingly, such is not suitable. In case where this particulate filler is used as the component (b), organic- 
inorganic composite filler, it is preferably compounded in an amount of 10 — 50% by weight in the organic-inorganic 
composite filler. When the amount of the particulate filler to be compounded is less than 10% by weight, the charac- 
teristics as the organic-inorganic composite filter are not sufficiently exhibited. On the other hand, when it exceeds 

15 50% by weight, the kneading with the monomer is hardly carried out. In case where this particulate filler is used as the 
component (c), particulate filler having a mean particle size of 20 nm or less, it is preferably used in an amount of 1 ~ 
20% by weight based on the whole of the dental restorative composition. When the amount of the particulate filler to 
be compounded is less than 1% by weight, the effect is not sufficiently exhibited, whereas when it exceeds 20% by 
weight, the amount of the monomer is too much, whereby the physical properties of the resulting restoration tend to 

to be lowered. Incidentally, the particulate filler having a mean particle size of 20 nm or less, which is used as the com- 
ponent (c), is also effective for preventing the liquid separation of the dental restorative composition. 
[0021] The component (b), organic-inorganic composite filler, is prepared by mixing the above-described methacr- 
ylate or acrylate having a viscosity of 60 cP or more and the particulate filler having a mean particle size of 20 nm or 
less and curing the mixture, followed by pulverizing. During this time, as a curing agent to be used for polymerizing 

25 the monomer, in case of heat-polymerization, an organic peroxide, an azo compound, or the like is mixed, and in case 
of photo-polymerization, a photo-polymerization initiator is used, respectively. Besides, the curing can be achieved by 
chemical-polymerization. Accordingly, the method for curing the mixture is not particularly limited. Specifically, an anal- 
ogous substance to the component (d), polymerization initiator, as described below, which cures the dental restorative 
composition per se, can be used. It is preferred that the organic-inorganic composite filler has a mean particle size of 

30 5 -50 u.m and is compounded in an amount of 10 — 70% by weight based on the whole of the dental restorative 
composition. When the amount of the organic-inorganic composition filler to be compounded is less than 10% by 
weight, the effect added to the organic-inorganic composite filler is not sufficiently exhibited. On the other hand, when 
it exceeds 70% by weight, the binding between the component (b), organic-inorganic composite filler, and the compo- 
nent (a), matrix monomer, is weak, whereby the physical properties tend to be lowered. 

35 [0022] The component (d) , polymerization initiator, is properly selected and added according to the type of polym- 
erization for which the dental restorative composition is used. 

[0023] In case where the dental restorative composition is of a heat-polymerization type, as the polymerization ini- 
tiator are mainly used organic peroxides or azo compounds. As the organic peroxides are preferred diacyl peroxides 
having an aromatic ring or peroxy esters which are considered to be an ester of perbenzoic acid. Specific examples 

*o include benzoyl peroxide, 2,4-dichlorobenzoyl peroxide, m-tolyl peroxide, t-butyl peroxybenzoate, di-t-butyl perox- 
yisophthalate, 2,5-dimethyl-2,5-di(benzoyIperoxy)hexane, and 2,5-dimethyl-2,5-di{(o-benzyl)benzoylperoxy}hexane. 
Also, azo compounds such as azobisisobutyronitrile or organometallic compounds such as tributylborone can be used. 
[0024] In case where the dental restorative composition is of a chemical-polymerization type, as the polymerization 
initiator are exemplified combinations of an organic peroxide with an aromatic tertiary amine. These compounds are 

45 used in such a manner that the organic peroxide is compounded in one paste, whereas the aromatic tertiary amine is 
compounded in another paste. Like the organic peroxide which is used for the polymerization initiator of a heat-polym- 
erization type as described above, diacyl peroxides having an aromatic ring or peroxy esters which are considered to 
be an ester of perbenzoic acid are preferred. Specific examples include benzoyl peroxide, 2,4-dichlorobenzoyl perox- 
ide, m-tolyl peroxide, t-butyl peroxybenzoate, di-t-butyl peroxy isophthalate. 2,5-dimethyl-2,5-di(benzoylperoxy)hex- 

50 ane, and 2,5-dimethyl-2,5-di{(o-benzyl)benzoylperoxy)hexane. As the aromatic tertiary amine are preferred tertiary 
amines in which a nitrogen atom is directly substituted on the aromatic group. Specific examples include N.N-dimethyl- 
p-toluidine, N,N-dimethylaniline, N-methyl-N-p-hydroxyaniline, N,N-di(P-hydroxyethyl)-aniline, N.N-di(P-hydroxyethyl)- 
p-toluidine, N ( N-di(P-hydroxypropyl)-aniIine, N,N-di(P-hydroxypropyl)-p-toluidine, ethyl N.N-dimethylaminobenzoate, 
and isoamyl N.N-dimethylaminobenzoate. 

55 [0025] In case where the dental restorative composition is of a photo-polymerization type, as the photo-polymeriza- 
tion initiator are usually used in combinations of a sensitizer with a reducing agent. Examples of the sensitizer which 
can be used include camphorquinone. benzyl, diacetyl, benzyl dimethyl ketal, benzyl diethyl ketal, benzyl di(2-meth- 
oxyethyl) ketal, 4,4 , -diemthylbenzyl dimethyl ketal, anthraquinone, 1-chloroanthraquinone, 2-chIoroanthraquinone, 
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1,2-benzanthraquinone, 1-hydroxyanthraquinone, 1-methylanthraquinone, 2-ethylanthraquinone, 1-bromoanthraqui- 
none, thioxanthone, 2-isopropylthioxanthone, 2-nitrothioxanthone, 2-methylthioxanthone, 2,4-dimethylthtoxanthone, 
2,4-diethylthioxanthone, 2,4-diisopropylthioxanthone, 2-chloro-7-trifluoromethylthioxanthone, thioxanthone-10,10-di- 
oxide, thioxanthone-10-oxide, benzoinmethyl ether, benzoinethyl ether, isopropyl ether, benzoinbutyl ether, benzophe- 

5 none, bis(4-dimethylaminophenyl) ketone, 4,4 , -bisdiethy1amino benzophenone, acyl phosphine oxide derivatives, and 
azide group-containing compounds. The compounds are used singly or in admixture of two or more thereof. 
[0026] As the reducing agent are usually used tertiary amines and the like. As the tertiary amines are preferred N, 
N-dimethyl-p-toluidine, N,N-dimethylaminoethyl methacrylate, triethanolamine, methyl 4-dimethylaminobenzoate, 
ethyl 4-dimethylaminobenzoate, and isoamyl 4-dimethylaminobenzoate. As other reducing agents are exemplified ben- 

io zoyl peroxide, sodium sulfinate derivatives, and organometallic compounds. 

[0027] Needless to say, the respective heat-polymerization type, chemical-polymerization type and photo-polymer- 
ization type polymerization initiators as described above can be used in combination. 

[0028] In the case of the dental restorative composition of a photo-polymerization type, the polymerization reaction 
is achieved by irradiation with rays such as ultraviolet light or visible light. Examples of light sources v/hich can be used 
15 include various mercury vapor lamps of a ultrahigh pressure, a high pressure, a medium pressure, or a low pressure, 
a chemical lamp, a carbon arc lamp, a metal halide lamp, a fluorescent lamp, a tungsten lamp, a xenone lamp, and 
an argon ion laser. 

[0029] In addition, although the component (e), glass powder having a maximum particle size of 5 um or less and 
having a mean particle size of from 0.5 to 2 jam, which is compounded, if desired, is not particularly limited so far as it 

20 has a composition for forming the glass, an aluminosilicate glass is mainly used. It can be prepared by melting a raw 
material selected from silica, alumina, feldspar, kaolin, aluminum hydroxide, aluminum silicate, mullite, calcium silicate, 
strontium silicate, sodium silicate, aluminum carbonate, calcium carbonate, strontium carbonate, sodium carbonate, 
sodium fluoride, calcium fluoride, aluminum fluoride, strontium fluoride, sodium phosphate, calcium phosphate, alumi- 
num phosphate, strontium phosphate, and other titanium salts and barium salts, and cooling then pulverizing. In case 

25 where an alkaline earth metal such as calcium, strontium, and barium is used in the composition of the glass powder, 
since it can impart X-ray contrast properties to the dental restorative composition, it is preferable from the clinical 
viewpoint. When a glass powder having a maximum particle size of 5 urn or less and having a mean particle size of 
from 0.5 to 2 urn is used, restorations having superior surface smoothness can be obtained. On the other hand, when 
a glass powder having a maximum particle size of more than 5 urn and having a mean particle size of more than 2 u.m 

30 is used, the resulting restoration fails in surface smoothness, whereas when the mean particle size is less than 0.5 
urn, turbidity inherent to the resin is generated, and much opalescence appears, whereby the esthetics tends to be 
inferior. It is preferred that the glass powder is added in an amount of from 5 to 60% by weight based on the whole of 
the dental restorative composition, if desired. 

[0030] If further desired, the dental restorative composition according to this invention may contain trace amounts 
35 of an ultraviolet absorbing agent, a coloring agent, a polymerization inhibitor, a discoloration-preventing agent, an 
antibacterial agent, and the like. 

[0031] The dental restorative composition according to this invention is described specifically with reference to the 
following Examples. The methacrylate or acrylate monomers, which were used as the component (a) and the compo- 
nent (b) in the Examples and Comparative Examples, are abbreviated as follows. 



so [0032] As the particulate fillers used as the component (a) and the component (b) v/ere used colloidal silicas (trade 
names: Aerosil R972, Aerosii 200, Aerosil 380, and Aerosil 50, made by Nippon Aerosil Corp). The mean particle sizes 
of the particulate fillers are 1 6 nm for Aerosil R972, 1 2 nm for Aerosil 200, 7 nm for Aerosil 380, and 30 nm for Aerosil 
50, respectively. 

[0033] In addition, the organic-inorganic composite filler was prepared in the following manner. While the following 
55 organic-inorganic composite fillers A to D are those falling within the scope of the claims for patent of this invention, 
the organic-inorganic composite fillers E and F are those prepared for the Comparative Examples, falling outside the 
scope of the claims for patent of this invention (the organic-inorganic composite filler E falls outside the claimed scope 
in terms of the viscosity of the monomer, and the organic-inorganic composite filler F falls outside the claimed scope 



40 



45 



Bis-GMA: 

Bis-MPEPP: 

THF: 



UDMA: 

3G: 

BG: 

TMPT: 

NPG: 



Di-2-methacryloxyethyl-2,2,4-trimethylhexamethylene dicarbamate 
Triethylene glycol dimethacrylate 
1,3-Butanediol dimethacrylate 
Trimethylolpropane trimethacrylate 
Neopentyl glycol dimethacrylate 

2,2-Bis[4-(2-hydroxy-3-methacryloxypropoxy)-phenyl]propane 
2,2-Bis(4-methacryloxypolyethoxyphenyl)propane 
Tetrahydrofurfuryl methacrylate 
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in terms of the mean particle size of the particulate filler). 
Organic-inorganic composite filler A: 

Mixed solution (monomer viscosity: 80 cP) of UDMA and 3G (weight ratio: 3/7) containing 1% by weight of azobi- 

sisobutyronitrile 70% by weight 

Aerosil 200 (mean particle size: 12 nm) 30% by weight 

[0034] A mixture of the above components was thermally cured and pulverized into a mean particle size of 10 um 
Organic-inorganic composite filler B: 

Mixed solution (monomer viscosity: 103 cP) of UDMA and NPG (weight ratio: 7/3) containing 1% by weight of 

azobisisobutyronitrile 70% by weight 

Aerosil R972 (mean particle size: 16 nm) 30% by weight 

[0035] A mixture of the above components was thermally cured and pulverized into a mean particle size of 15 um 
Organic-inorganic composite filler C: 

Mixed solution (monomer viscosity: 180 cP) of UDMA and TMPT (weight ratio: 7/3) containing 1% by weight of 

azobisisobutyronitrile 80% by weight 

Aerosil 380 (mean particle size: 7 nm) 20% by weight 

[0036] A mixture of the above components was thermally cured and pulverized into a mean particle size of 15 um 
Organic-inorganic composite filler D: 

Mixed solution (monomer viscosity: 1,020 cP) of Bis-MPEPP containing 1% by weight of 

azobisisobutyronitrile 60% by weight 

Aerosil R972 (mean particle size: 1 6 nm) 40% by weight 

[0037] A mixture of the above components was thermally cured and pulverized into a mean particle size of 8 um 
Organic-inorganic composite filler E: 

Mixed solution (monomer viscosity: 57 cP) of TMPT containing 1% by weight of azobisisobutyronitrile 70% 
by weight 

Aerosil R972 (mean particle size: 16 nm) 30% by weight 

[0038] A mixture of the above components was thermally cured and pulverized into a mean particle size of 15 um 
Organic-inorganic composite filler F: 

Mixed solution (monomer viscosity: 103 cP) of UDMA and NPG (weight ratio: 7/3) containing 1% by weight of 

azobisisobutyronitrile 70% by weight 

Aerosil 50 (mean particle size: 30 nm) 30% by weight 

[0039] A mixture of the above components was thermally cured and pulverized into a mean particle size of 15 um 
[0040] As the glass powder, the following glass powders were used. 

Glass powder A: Aluminosilicate glass powder (mean particle size: 0.9 u.m, maximum particle size: 2.5 
Glass powder B: Aluminosilicate glass powder (mean particle size: 2.0 jim, maximum particle size: 5.0 urn) 
Glass powder C: Strontium glass powder (mean particle size: 0.5 u,m, maximum particle size: 1.5 nm) 

Example 1 : 

[0041] 

(a) Methacrylate or acrylate monomer: UDMA 20% by weight & 3G 10% by weight 

[The component (d), photo-polymerization initiator, was prepared by dissolving 0.5 parts by weight of camphorqui- 
none as the photo-sensitizer and 1 part by weight of dimethylaminoethyl methacrylate as the reducing agent based 
on 100 parts by weight of the whole of the above-described monomer solution.] 

(b) Organic-inorganic composite filler B: 20% by weight 
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(c) Particulate filler, Aerosil R972: 5% by weight 
(e) Glass powder A: 45% by weight 

[0042] These components were mixed by a kneader in a dark room to obtain a dental restorative composition in a 
5 paste form. The thus obtained dental restorative composition was subjected to various tests as described later. The 
results obtained are shown in Table 1. 

Examples 2 to 9: 

io [0043] Following the same procedures as in Example 1, dental restorative*compositions having a composition and 
compounding amounts as shown in Table 1 were prepared. The thus prepared dental restorative compositions were 
subjected to the same tests as in Example 1 . The results are shown in Table 1 . 

[0044] In these Examples, the photo-polymerization initiator in the monomer was the same as in Example 1. 
is Example 10: 

[0045] This Example is concerned with a case where it is not necessary to consider the polymerization shrinkage 
and is an example of an application to artificial teeth in which in particular, the manufacture side performs the curing. 
In this Example, the component (e), glass powder, is not compounded. 

20 

(a) Methacrylate or acrylate monomer: UDMA 30% by weight and 3G 10% by weight 

[The component (d), polymerization initiator, was prepared by dissolving 1 part by weight of azobisisobuty- 
ronitrile based on 100 parts by weight of the whole of the above-described monomer solution.] 

(b) Organic-inorganic composite filler C: 50% by weight 
25 ( C ) Particulate filler, Aerosil R972: 10% by weight 

[0046] These components were mixed by a kneader in a dark room to obtain a dental restorative composition in a 
paste form. The thus obtained dental restorative composition was subjected to the same tests as in Example 1. In the 
curing method of the test specimen, the curing was carried out at 100°C while applying a pressure (500 kg/cm 2 ) by 
30 the dry heat-curing method. The results obtained are shown in Table 1. 

Comparative Example 1 : 

[0047] A dental restorative composition containing a quartz glass powder, which is generally called as a conventional 
35 type, was tested. A quartz glass powder having a maximum particle size of 50 u/n and having a mean particle size of 
20 u.m in terms of a glass powder was used and named a glass powder D. The tests were carried out in the same 
manner as in Examples 1 to 10, while employing the composition and compounding amounts as shown in Table 2. The 
results are shown in Table 2. The dental restorative composition of this Comparative Example was inferior to those of 
Examples 1 to 10 in all of the test items. 

40 

Comparative Example 2: 

[0048] A dental restorative composition using only a particulate filler was subjected to the same tests as in Examples 
1 to 10, while employing the composition and compounding amounts as shown in Table 2. The results are shown in 
45 Table 2. Though the dental restorative composition of this Comparative Example was good in the transparency, the 
polishing workability, and the surface smoothness, it was inferior to those of Examples 1 to 10 in other test items. 

Comparative Example 3: 

so [0049] As an example of the recent, dental restorative composition was prepared a dental restorative composition 
using a filler composed mainly of a glass powder having a maximum particle size of approximately 2 um The thus 
prepared dental restorative composition was subjected to the same tests as in Examples 1 to 10, while employing the 
composition and compounding amounts as shown in Table 2. The results are shown in Table 2. The dental restorative 
composition of this Comparative Example was inferior to those of Examples 1 to 10 in the polishing workability and 

55 the bending strain energy. 
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Comparative Example 4: 

[0050] This Comparative Example is concerned with an example of the dental restorative composition in which the 
viscosity of the monomer constituting the organic-inorganic composite filler is lower than that as in the claimed scope. 
s The dental restorative composition of this Comparative Example was subjected to the same tests as in Examples 1 to 
10, while employing the composition and compounding amounts as shown in Table 2. The results are shown in Table 
2. This dental restorative composition was inferior to those of Examples 1 to 10 in the bending strength and the bending 
strain energy. 

io Comparative Example 5: 

[0051] This Comparative Example is concerned with an example of the dental restorative composition in which the 
particle size of the filler constituting the organic -inorganic composite filler is greater than that as in the claimed scope. 
The dental restorative composition of this Comparative Example was subjected to the same tests as in Examples 1 to 
is 10, while employing the composition and compounding amounts as shown in Table 2. The results are shown in Table 
2. This dental restorative composition was inferior to those of Examples 1 to 10 in the bending strength, the bending 
strain energy, and the transparency. 

Comparative Example 6: 

?o 

[0052] This Comparative Example is concerned with an example of the dental restorative composition in which the 
particle size of the glass powder is greater than that as in the claimed scope. 

[0053] As a glass powder E was prepared an aluminosilicate glass having a maximum particle size of 15 um and 
having a mean particle size of 7 um The dental restorative composition of this Comparative Example was subjected 
25 to the same tests as in Examples 1 to 10, while employing the composition and compounding amounts as shown in 
Table 2. The results are shown in Table 2. This dental restorative composition was inferior to those of Examples 1 to 
10 in the polishing workability and the surface smoothness. 

Comparative Example 7: 

30 

[0054] This Comparative Example is concerned with an example of the dental restorative composition in which the 
particle size of the particulate filler (Aerosil 50, particle size: 30 nm) is greater than that as in the claimed scope. The 
dental restorative composition of this Comparative Example was subjected to the same tests as in Examples 1 to 10, 
while employing the composition and compounding amounts as shown in Table 2. The results are shown in Table 2. 
35 This dental restorative composition was inferior to those of Examples 1 to 10 in the transparency. 
[0055] The respective tests were carried out in the following manners. 

(1) Bending strength and bending strain energy: 

'0 [0056] The dental restorative composition to be tested was filled in a mold of 2 mm x 2 mm x 25 mm and brought 
into press contact with a glass sheet via cellophane, and the both surfaces of the sample were irradiated with a light 
by a visible ray irradiator (a trade name: LABOLIGHT LV-II, manufactured by GC Corporation) for 3 minutes. The 
resulting sample was immersed in water for 24 hours and subjected to a three-point bending test at a span of 20 mm 
and at a crosshead speed of 1 mm/min. by a testing machine (a trade name: Autograph, manufactured by Shimadzu 

45 Corporation). 

[0057] The number of samples was five, and average values of the bending strength and of the bending strain energy 
were obtained from the maximum stress and the area of the stress strain curve of the chart, respectively. 

(2) Transparency: 

so 

[0058] The dental restorative composition to be tested was filled in a mold having an inside diameter of 20 mm and 
a thickness of 1 mm and brought into press contact with a glass sheet via cellophane, and the both surfaces of the 
sample were irradiated with a light by a visible ray irradiator (a trade name: LABOLIGHT LV-II, manufactured by GC 
Corporation) for 3 minutes. The resulting sample was polished with an emery paper #600, a water paste of polishing 
ss sand (fine) for dental technology, and a water paste of alumina (0.3 u.m) for finishing in this order, thereby finishing it 
into a thickness of (1.00± 0.01) mm. Alight (a trade name: Sunream, manufactured by Daiwa Light K.K.) was irradiated 
at a distance of 1 m on the sample surface direction. A photodiode array type spectrophotometer (a trade name: 
Spectrascan PR650, manufactured by Photo Research Co., Ltd.) was used as a photometry meter, and a center of $3 
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mm of the sample surface on a light trap or standard white board (magnesium oxide) was measured at 45° to the 
sample surface direction. The L* (black) and L* (white) values in the CIE-L*a*b* color specification system were cal- 
culated, whereby AL = L* (white) - L* (black) was taken as an index. With respect to the transparency required for the 
dental restorative, values of 22 or more may be sufficient as the value necessary for the enamel of a natural tooth, etc. 

(3) Polishing properties: 

[0059] The dental restorative composition to be tested was filled in a moid having an inside diameter of 20 mm and 
a thickness of 2 mm and brought into press contact with a glass sheet via cellophane, and the both surfaces of the 
sample were irradiated with a light by a visible ray irradiator (a trade name: LABOLIGHT LV-II, manufactured by GC 
Corporation) for 3 minutes. One surface of the resulting sample was once roughed by a tungsten carbide bar and then 
polished in the customary manner. The polishing workability and the surface smoothness by visual observation were 
evaluated on five criteria as described below. 

5: Good 

4: Slightly good 

3: Moderate 

2: Slight bad 

1:Bad 
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[0060] As described above in detail, the dental restorative composition according to this invention is a dental restor- 
ative composition from which restorations having superior surface smoothness and transparency similar to natural 
teeth, having superior bending strength and bending strain energy characteristics, and being provided with easy pol- 
ishing properties can be realized, an aspect which has never been attained by the conventional dental restorative 

5 compositions, through a combination of a novel organic-inorganic composite filler with a particulate filler as the filler 
to be used. The dental restorative composition according to this invention can be widely applied to dental filling material, 
crown restoratives, restoratives for bridges, inlays, onlays, outer caps, artificial teeth, resin teeth, ceramics teeth, crown 
resins fixing cement, and repair of crown ceramics and materials for other prosthesis, conservative and preventive 
material. Accordingly, this invention greatly contributes to the dental remedy. 

10 [0061] While the invention has been described in detail and with reference to specific embodiments thereof, it will 
be apparent to one skilled in the art that various changes and modifications can be made therein without departing 
from the spirit and scope thereof. 

1S Claims 

1. A dental restorative composition comprising: 

(a) a methacrylate or acrylate monomer, 
*0 (b) an organic-inorganic composite filler prepared by curing a mixture of a particulate filler having a mean 

particle size of 20 nm or less with a methacrylate or acrylate monomer having a viscosity of 60 cP or more 
and pulverizing the cured mixture, 

(c) a particulate filler having a mean particle size of 20 nm or less, and 

(d) a polymerization initiator. 



25 



55 



2. A dental restorative composition comprising: 



(a) a methacrylate or acrylate monomer, 

(b) an organic-inorganic composite filler prepared by curing a mixture of a particulate filler having a mean 
30 particle size of 20 nm or less with a methacrylate or acrylate monomer having a viscosity of 60 cP or more 

and pulverizing the cured mixture, 

(c) a particulate filler having a mean particle size of 20 nm or less, 

(d) a polymerization initiator, and 

(e) a glass powder having a maximum particle size of 5 urn or less and having a mean particle size of from 
35 0.5 to 2 urn 

3. A dental restorative composition as claimed in claim 2, wherein the content of the component (e), glass powder 
having a maximum particle size of 5 yim or less and having a mean particle size of from 0.5 to 2 urn, is from 5 to 
60% by weight based on the whole of the dental restorative composition. 

j 

4. A dental restorative composition as claimed in any one of claims 1 to 3, wherein the content of the component (a), 
methacrylate or acrylate monomer, is from 15 to 40% by weight based on the whole of the dental restorative 
composition. 

45 s. a dental restorative composition as claimed in any one of claims 1 to 4, wherein the content of the component (b), 
organic -inorganic composite filler prepared by curing a mixture of a particulate filler having a mean particle size 
of 20 nm or less with a methacrylate or acrylate monomer having a viscosity of 60 cP or more and pulverizing the 
cured mixture, is from 10 to 70% by weight based on the whole of the dental restorative composition. 

so 6. A dental restorative composition as claimed in any one of claims 1 to 5, wherein in the component (b), organic- 
inorganic composite filler prepared by curing a mixture of a particulate filler having a mean particle size of 20 nm 
or less with a methacrylate or acrylate monomer having a viscosity of 60 cP or more and pulverizing the cured 
mixture, the content of the particulate filler having a mean particle size of 20 nm or less is from 10 to 50% by weight 
based on the component (b). 



A dental restorative composition as claimed in any one of claims 1 to 6, wherein the component (b), organic- 
inorganic composite filler prepared by curing a mixture of a particulate filler having a mean particle size of 20 nm 
or less with a methacrylate or acrylate monomer having a viscosity of 60 cP or more and pulverizing the cured 
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mixture, has a mean particle size of from 5 to 50 jim. 

A dental restorative composition as claimed in any one of claims 1 to 7, wherein the content of the component (c), 
particulate filler having a mean particle size of 20 nm or less, is from 1 to 20% by weight based on the whole of 
the dental restorative composition. 



EP 0 983 762 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 99 11 6793 



DOCUMENTS CONSIDERED TO BE RELEVANT 




Category 


Citation of document with indication, where appropriate, 
of relevant passages 


Relevant 
to claim 


CLASSIFICATION OF THE 
APPLICATION (lnt.CI.7) 


Y 


GB 2 263 115 A (G C DENTAL IND CORP) 
14 July 1993 (1993-07-14) 

* page Cy line 3 P°ge o, line d * 

* page 7, paragraph 2 - page 8, last 
paragraph * 

* claims; examples * 


1-8 


A61K6/083 


Y 


EP 0 282 280 A (MITSUI PETROCHEMICAL IND) 
14 September 1988 (1988-09-14) 
* page 15, line 30 - line 38 * 


1-8 




X.P 


GB 2 325 669 A (GC KK) 

2 December 1998 (1998-12-02) 

* page 7, last paragraph * 

* page 8, last paragraph * 

* page 13, last paragraph - page 14, 
paragraph 1 * 


1,2,5-7 




A 


EP 0 023 321 A (MITSUI PETROCHEMICAL IND) 
4 February 1981 (1981-02-04) 

* page 2, line 20 - line 35 * 

* page 4, line 24 - line 35 * 

* page 5, line 14 - page 6, line 9 * 

* examples * 


1-8 








TECHNICAL FIELOS 
SEARCHES) (IM.C1.7) 






A61K 


A 1 


EP 0 142 784 A (BAYER AG) 
29 May 1985 (1985-05-29) 






A 


EP 0 011 190 A (BAYER AG) 
28 May 1980 (1980-05-28) 






The present search report has been drawn up for all claims 







Ptac* of starch 

THE HAGUE 



Oats of compitdcn of tf\» s*arc* 

18 November 1999 



Cousins-Van Steen, G 



CATEGORY Of CITEO DOCUMENTS 

X : particJarty relevant V laken alone 

Y : particularly relevant if combined wUh another 

document ol the same category 
A : technological background 
O : non-written disclosure 
P : Intermediate document 



T : theory or principle underlying me Invention 
E : e artier patent document, but pLfclished on. or 

after the ruing date 
O : document cited in the application 
L : document cited lor other reasons 

4 : member ol tne same patent family, corresponding 
document 



14 



EP 0 983 762 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO. EP 99 11 6793 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report. 
The members are as contained in the European Patent Office EOP file on 

The European Patent Office is in no way liable for these particulars which are merely given for fre purpcse of information. 

18-11-1999 



Patent document 




Publication 




Patent family 


Publication 


cited in search report 


date 




member(s) 


date 


GB 2263115 


A 


14-07-1993 


JP 


5194135 A 


03-08-1993 








DE 


4300693 A 


22-07-1993 


— — — — 




______ . _ _ _ 


US 


5356951 A 


18-10-1994 

A w Aw A m & % 


EP 0282280 


A 


14-09-1988 


JP 


2543516 B 


16-10-1996 

A W A W A J «/ V 








JP 


63221181 A 


14-09-1988 


• 






CA 


1327865 A 


15-03-1994 

A v WW A ^ ^ « 








DE 


3871189 A 

v W 9 A A \J & n 


25-06-1992 


— 






US 


5122061 A 


16-06-1992 


GB 2325669 


A 


02-12-1998 


JP 


10323353 A 


08-12-1998 








DE 


19823530 A 


03-12-1998 


EP 0023321 


A 


04-02-1981 


JP 


1661203 C 


19-05-1992 








JP 


56020066 A 

w w V 4» \J \d V W 9\ 


25-02-1981 








JP 


61052863 B 


14-11-1986 









US 


4362842 A 


07-12-1982 


EP 0142784 


A 


29-05-1985 


DE 


3341888 A 


30-05-1985 








AT 


32090 T 


15-02-1988 








CA 


1238996 A 


05-07-1988 








DE 


3468894 A 


25-02-1988 








JP 


1786978 C 


10-09-1993 








JP 


4077022 B 


07-12-1992 








JP 


60120703 A 


28-06-1985 








JP 


5105707 A 


27-04-1993 








US 


4617327 A 


14-10-1986 


EP 0011190 


A 


28-05-1980 


DE 


2849279 A 


29-05-1980 








DE 


2849936 A 


29-05-1980 








AT 


2539 T 


15-03-1983 








JP 


1703281 C 


14-10-1992 








JP 


55106205 A 


14-08-1930 








JP 


63031511 B 


24-06-1988 








US 


4389507 A 


21-06-1983 





\u For more details about this annex : see Official Journal or the European Patent Office. No. 12/82 



15 



